Molecular contamination is a concern for sensitive optics of astronomy satellites and earth observation satellites. The contaminants decrease the transmittance of lenses and optical filters, and the reflectance of mirrors. The absorptance of the diethylhexyl phthalate, as a model contaminant, depended on ultraviolet irradiation time and the contaminant thickness.
Introduction
It is well understood that chemical compounds contaminated spacecraft's surfaces, including thermal control systems and optics. As a result, the contaminants degraded the spacecraft's thermo-optical capabilities 1) . The "Hinode" (SOLAR-B), a solar observation satellite, was constructed from carbon fiber reinforced plastics (CFRP), adhesives, cable insulation, etc. These organic materials outgassed chemical compounds with low molecular weight of several hundred. The compounds included hydrocarbons, siloxanes, phthalates and amines (e.g. Ref.
2). The Hinode Solar Optical Telescope (SOT) was comprised of the primary mirror, secondary mirror and collimating lens unit (CLU), etc. The SOT throughput decreased linearly during 15 months since the solar observation started. We found that the solar ultraviolet (UV) light increased absorptance of the contaminants depending on the UV irradiation time 3) .
In this study, the optical degradation of an organic contaminant was expressed in a mathematical model as functions of the UV irradiation time and contaminant thickness.
Experiment

Preparation of samples
The diethylhexyl phthalate (DEHP, C 24 H 38 O 4 , MW 391, transparent liquid) was used as a model contaminant. The DEHP is one of plasticizers commonly used for polymers. Figure 1 shows chemical structure of the DEHP. The DEHP was identified as a contaminant on the CCD of the Hinode X-ray telescope 4) . The pure DEHP was applied on the SiO 2 or CaF 2 substrates. 
Experiment apparatus
The experiment apparatus was configured as our previous study [5] [6] [7] . Figure 2 shows a schematic of the apparatus. The vacuum chamber pressure was maintained at less than 10 -2 Pa. The samples were at room temperature. The UV radiation source was UV-Curing Irradiation Equipment UVF-203S, manufactured by San-ei Electric Co., Ltd. A 200-watt mercury xenon lamp, with a center wavelength of 365 nm and a range from 225 to 475 nm, was installed in the experiment apparatus. The intensity of the UV light on the samples was approximately 6-9 mW/cm 2 at wavelength range of 290-390 nm, by using the UV-340 manufactured by Custom Co. The visible light transmittance spectra of each sample, before and after exposure to the several conditions, were measured by UV-VIS multipurpose spectrophotometer MPS-2400 manufactured by Shimadzu Co. 
Results and Discussion
The measured transmittance of the DEHP samples were converted into the absorption coefficients per unit thickness as follows. The measured transmittance of the substrate with the DEHP was expressed by Eq. (1) 1) .
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The refractive index of the pure DEHP is 1.5 8) . The refractive index of CaF 2 or SiO 2 crystal is ranged from 1.4 to 1.5 9) . It was assumed that the optical interference was negligible for this analysis since the refractive index of the DEHP is nearly equal to that of the crystals. The absorption coefficients of the DEHP were expressed by Eq. (2).
The absorption coefficients of the pure DEHP, before the UV irradiation, were zero at wavelengths greater than 300 nm 7) . Figure 3 and 4 show the absorption coefficients of the DEHP. The thickness of the DEHP was estimated from weight of the sample based on an assumption that thickness of the DEHP was uniform on the substrate. The Equivalent Sun Hours (ESH) is defined as the incident energy divided by solar irradiance at wavelength range from 290 nm to 390 nm under air mass of zero 10) . The wavelengths were selected from solar observation wavelengths of the Hinode SOT 3) . The UV light changed the transparent and liquid DEHP into brown and solid substance. Under the conditions, increases in the absorption coefficients would be caused by photo-polymerization and cross-linking reactions of the DEHP. Based on our previous study, the absorption coefficients also depended on thickness of the DEHP 7) . The absorption coefficients as a function of contaminant thickness were expressed by Eq. (3).
The absorption coefficients at infinite time were estimated for the DEHP with thickness of 2, 3, 10 and 20 μm. Figure 5 shows the absorption coefficients as a function of the DEHP thickness. This shows that the absorption coefficients increased with decrease of the DEHP thickness. Alred et al. reported that change in solar absorptance per unit thickness, for Tefzel-outgassed contaminant with thickness of 46 nm, was tree times greater than that for the contaminant with thickness of 188 nm 11) . The absorption coefficient in Eq. (2) means an average value for the contamination layers. The absorption coefficient of the contamination layer far side of the UV light source would be smaller than that of the contamination layer near side of the light source since the UV light was absorbed by the latter layer and weakened at the former layer. It suggested that darkening of the DEHP progressed from the near side of the light source. This assumption can explain this phenomenon. Figure 6 shows a comparison of the absorption coefficients of the DEHP with thickness of 46 nm 12) . The absorption coefficients at wavelengths of 380 nm and 396.5 nm were nearly equal to those as measured by Arnold et al. The coefficients at wavelengths of 430.5-668 nm were smaller than their results. We don't understand why this discrepancy occurred. It is essential that the absorption coefficients at shorter wavelength are expressed by more accurate mathematical model since the SOT throughput with shorter wavelength was sensitive to molecular contaminants 3) . 
Conclusion
Based on our experiments, a mathematical model for optical degradation of contaminants was proposed for shorter wavelength. The absorption coefficients of a contaminant per unit thickness were expressed as functions of UV irradiation time and contaminant thickness at each wavelength. This mathematical model will be useful to assess the optical degradation for future spacecraft's optics.
